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INTRODUCTION
Inger, in his essay on the zoogeography of the PhiHppine amphibia (1954,

pp. 448-510), presented the first major distributional paper for any part of the

herpetofauna since Taylor's essay (1928). The first part of Inger's paper is

concerned with the geological history of the Philippines, and the origins and

degree of endemism exhibited by the amphibian fauna. Secondly, he discusses

the pathways of entry into the Philippines in terms of the location of the nearest

relatives and possible time of entry into the Philippines. He notes, for example,

that the present distribution of the genus Platymantis (replaces Cornufer,

Zweifel, 1967) suggests two speciation centers, one in the New Guinea-Solomons

region and one in the northern Philippines; but by analogy, in comparison with

some other amphibians, suggests a Papuan origin and subsequent dispersal into

the Philippines. Inger therefore regards these two present centers as peripheral

isolated concentrations of a once more widely distributed genus (1954, pp. 494,

[105]
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497). He suggests that the bulk of the amphibians entered the PhiHppines by

2 major routes, the Palawan or Sulu-Mindanao routes. He discusses relative

time of entry of different components of the amphibian fauna primarily in terms

of extent of endemism and distance from areas occupied by presumed nearest

relatives. Within the Philippines, Inger recognizes only 2 somewhat doubtful

zoogeographic subdivisions. In his discussion of dispersal (pp. 475-484), he

notes that both dispersal by way of earlier land connections and over-water

dispersal must be considered, and he also notes, in general descriptive terms,

possible routes within the Philippines.

Leviton (1963) provides the most recent discussion of zoogeography of the

terrestrial snake fauna of the Philippine archipelago. His discussion is primarily

concerned with extraterritorial origins, time of entry and endemism, present

distributions, and the taxonomic relationships of species within the Philippines.

These are considered in terms of past changes in island configurations, and

probable internal pathways. He states (p. 377), contrary to Inger's views

relative to the dispersal of the amphibians (Inger, 1954, p. 484), that the present

distribution of the snakes can, for the most part, be explained on the basis of

former land connections. He recognizes 5 faunal (serpentine) subregions within

the archipelago at the present time.

Both authors very ably discuss the present distribution of the faunal element

with which they are concerned in terms of traditional concepts of extraterritorial

origins, pathways of entry and internal dispersal as governed by probable

geological changes, time of entry, and means of dispersal.

Darlington (1957, pp. 476-541) discusses the Philippine ichthyological and

herpetological faunas in the more general context of distributions on fringing

archipelagoes. Immigrant patterns of distribution, where the species are distrib-

uted along the migration route with dropouts occurring linearly as determined

by distance and relative dispersal abilities, are, he believes, the primary patterns

exhibited in fringing archipelagoes. This basic pattern is modified for older

relict groups by concentration of species on distal or proximal islands within

the archipelago (p. 533).

MacArthur and Wilson (1963) propose the hypothesis that the number of

species on an island represents a balance between number of species reaching

the island and number of species becoming extinct per unit of time. They point

out that a number of interacting variables will determine the point at which

these 2 curves intersect. These include distance from source of immigrants, the

species pool of immigrants, area of island concerned, or some other limiting factor

such as unfavorable climate. They further propose that in time secondary radia-

tion centers should increase with distance of islands from the major source of the

fauna, when corrections are made for area or other limiting variables. They also

note that the number of species decreases more rapidly for large than for small

islands with increasing distance from source of colonization.



Vol. XXXVIII] BROWXAXDALCALA : HERPETOFAUNAOF PHILIPPINES 107

3 <

•o .S

-v -5

M -^

=a

PROBLEMSAND METHODS

Recent intensive exploration of the herpetofaunas of 5 Philippine islands,

Palawan, Mindanao, Bohol, Negros, and Mindoro (fig. la), makes possible more

critical examination of many of the zoogeographic hypotheses suggested by

previous authors. Factors which we believe make this possible are: 1) intensive

sampling techniques which provide more accurate estimates of species-diversity;

2 ) choice of islands from proximal, distal, and intermediate regions of the

archipelago (fig. la); 3) range in size from 5,000 to 95,000 square kilometers
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Table 1. Intensively explored areas on the five islands included in the recent survey.

Mountain Region
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Table 3. Ainphibiaus kiioivn from Palawan, Mindanao, Bohol, Negros, Mindoro, Leyte,

and Luzon islands.
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Table 3. Continued.
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ords, reveals 197 species: 1 caecilian, 49 frogs, 82 lizards, and 66 snakes for these

five islands (tables 2-5). Although the new records ranged from 61 for Bohol

to 5 for Mindoro, only 14 were new species or species not recorded from the

Philippines prior to our intensive sampling. Most of these 14 were from Palawan

and ^Mindanao, the islands adjacent to Borneo.

The number of species of snakes and frogs recognized from Luzon and Lej^te

islands are based primarily upon Inger's review of the Philippine amphibia

(1954) and Leviton's review of the snakes (1963). The distribution of the

species of the genus Calamaria, however, is from Inger and Marx (1965). The

list of lizards for Luzon is based primarily on the earlier records of Taylor ( 1922a,

1922b, 1922c, 1923 and 1925) with a few recent additions by the present authors.

The inclusion of Luzon adds 23 more species (5 amphibians, 10 lizards, and 8

snakes) to the 197, making a total of 220 species (tables 3-5).

Native Fauna

Twenty-three of the 220 species (4 frogs, 11 lizards, and 8 snakes) are re-

garded as probably nonnative; that is, as possibly introduced or at least re-

introduced by man. Wedo not presume that this list includes all species which

have at any time been introduced by man, intentionally or otherwise. It probably,

however, does include most of these species which are readily, perhaps often

accidentally, transported from island to island. To be included in this category,

the species must meet these criteria: 1 ) occur on at least 4 of the 5 islands

included in our study; 2) exhibit no subspeciation except for the Palawan

populations in some instances; 3) be associated with man's habitations, and

cultivated lands, or with other lowland beach communities (Brown and Alcala,

1964); 4) be widespread in Borneo and other adjacent areas. It is interesting

to note (table 2) that the number of species of this nonnative group, whether we

are concerned with frogs, lizards, or snakes, is essentially the same for each of the

7 islands irrespective of distance from entry-point or area of island. This we

interpret as further evidence supporting their classification in this category.

The 23 species include:

Amphibians:

Ooeidozyga laevis

Rana cancrivora

Rana limnocharis

Rhacophorus leucomystax

Lizards:

Cosymbottis platyiirus

Gehyra mutilata

Gekko gecko

Hemidactylns frenatus

Hemiphyllodactylus typus

Draco volans

Dasia smaragdina

Emoia atrocostata

Lygosoma (Leiolopisma)

quadrivittatum

Mabuya multifasciata

Mabiiva midticarinata

Snakes:

Typhlops braminae

Python reticulatus

Ahaetidla prasina

Dendrelaphh pic t us

Chrysopelea paradtsi

Elaphe erythrura

Lycodon aulicus

Psammodynastes pidvendentus
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Table 4. Lizards known from Palaivan, Mindanao, Bohol, Negros, Mindoro, and Luzon

islands.

Palawat
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Table 4. Continued.

Palawan Mindanao Bohol Ne.gros Mindoro Luzon

47.

48.

49.

SO.

51.

52.

Si.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

87.

88.

89.

90.

91.

92.

Brachymeles samarensis

Brachymeles schadcnhergi

Brachymeles talinis

Brachymeles tridactylus

Brachymeles wrighti

Brachymeles hilong

Dasia griffini

Dasia olivaceum

Dasia smaragdina

Emoia atrocostata

Emoia caeruleocauda

Emoia ruficauda

Lygosoma {Leiolopisma) auriculatmu

Lygosoma {Leiolopisma) pulchellum

Lygosoma (Leiolopisma) quadrivittatum

Lygosoma (Leiolopisma) rabori

Lygosoma (Leiolopisma) semperi

Lygosoma (Leiolopisma) subvittatum

Lygosoma (Leiolopisma) vulcanium

Lygosoma (Leiolopisma) zamboangensis

Lygosoma (Lygosoma) chalcides

Lygosoma (Sphenomorphus) acntum

Lygosoma (Sphenomorphus) arborens

Lygosoma (Sphenomorphus) atrigularis

Lygosoma (Sphenomorphus) coxi

Lygosoma (Sphenomorphus) decipiens

Lygosoma (Sphenomorphus) diivati

Lygosoma (Sphenomorphus) jasciatum

Lygosoma (Sphenomorphus) jagori

Lygosoma (Sphenomorphus) luzonensis

Lygosoma (Sphenomorphus) mindanensis

Lygosoma (Sphenomorphus) palawanensis

Lygosoma (Sphenomorphus) steerei

Lygosoma (Sphenomorphus) stejnegeri

Lygosoma (Sphenomorphus) varigatum

Lygosoma (Sphenomorphus) wrighti

Lygosoma (Sphenomorphus) sp.

Mabuya bontocensis

Mabuya multicarinata

Mabuya multifasciata

Otosaurus cumingi

Tropidophoriis grayi

Tropidophorus leucospilos

Tropidophoriis misaminus

Tropidophorus partelloi

Tropidophorus sp.

X

X

X
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Table 5. Snakes known from Palawan, Mindanao, Bohol, Negros, Mindoro, Leyte, and

Luzon islands.
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Table 5. Continued.

Palawan Mindanao Boliol Negros Mindoro Leyte Luzon

46.
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not preclude the possibility that species in other, widely distributed genera may

also be relicts of early immigrations, but provides objective criteria for selection.

The endemic genera include Barbourula, an amphibian; Luperosawus,

Pseudogekko and Brachymeles, lizards; and Cyclocorus, Hologerrhiim, and

Oxyrhabdiuin, snakes. Platymantis in the amphibia and Perochirus in the

squamata, though not endemic, exhibit overall disrupted patterns.

Barbourula and Perochirus are limited to single species in the Philippines.

Barbourula is known only from the Palawan group and Perochirus only from

Mindanao and Leyte. This pattern of limitation to proximal islands permits 3

alternative explanations : 1 ) these genera have very low dispersal ability and

did not go beyond these proximal islands; 2) they have reached but failed to

establish themselves on more distal islands; 3) they still remain to be found

on the other islands.

Platymantis, Brachymeles, and Luperosaurus exhibit relict patterns (figs. 2,

3, and 4) of the type which may be interpreted as resulting from the partial

extinction of an old widespread fauna (Darlington, 1957. p. 485). Each of

these genera includes several species. The genus Platymantis (as noted by Inger,

1954, p. 496 exhibits a concentration of species on Luzon at the distal end of

the archipelago, others with distribution limited to one or two scattered islands,

and several species which are widespread throughout the Philippines, though

none of these species are known from outside of the archipelago. As proposed by

MacArthur and Wilson (1963, p. 386) and Inger (1957, p. 496), such a pattern

may also be interpreted as due in part to secondary radiation from the distal

island of Luzon as indicated by the present distribution of P. hazelae and P.

poUllensis, very closely related species, not necessarily as wholly due to chance

extinctions of once widespread species.

The genus Brachymeles, as reviewed by Brown and Rabor (1967), includes

such widespread species as B. gracilis and B. schadenbergi, groups of species

limited to the proximal or distal islands, and a third very interesting group (the

tridactylus-vermis group) which strongly suggests an origin in and radiation from

the center of the archipelago. Based on the presumed evolutionary relationships,

indicated by the degree of reduction of the limbs and digits, the least specialized

members of the group occur in the central islands and those with the greater

reduction of limbs and digits in the northern and southern islands. These species

include:
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Table 6. Indices of similarity for amphibians. The index in parentheses is based on the

native species after exclusion of common widespread forms associated with man's economy

or beach communities. The index in brackets is based on those species remaining after the

relicit species are also excluded.
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Table 7. Indices of similarity for lizards. (The index in parentheses is based on the

species exclusive of the 23 widespread forms associated ivith man's economy or beach

communities, that in brackets is based on the species remaining after relicit species are also

excluded).
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Table 8. Indices of similarity for snakes. (The index in parentheses is based on species

exclusive of the 23 widespread forms associated with man's economy or beach communities,

that in brackets is based on the species remaining after r elicit species are also excluded).
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Table 9. Indices of similarity for the total herpetofauna. {The index in parentheses is

based on species exclusive of the 23 widespread forms associated with man's economy or

beach communities, that in brackets is based on the species remaining after relicit species

are also excluded).
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eastern dispersal route to Mindoro, appears to be consistent with the decrease

in diversity. The Mindoro-ISIindanao index is higher for frogs than for either

lizards or snakes. This would be expected in terms of a later arrival, which might

be accounted for by their slower dispersal ability where marine barriers have

presumably operated.

Evidence for Over-Water Dispersal

In addition to the evidence of barriers to dispersal indicated by the reduction

of numbers of species on distal islands as compared to proximal islands, when

the size variable is minimized, as suggested in the section on diversity (fig. 2),

the data may be further analyzed in terms of the probable differential effect of

marine barriers. As noted at the close of the previous section, on biological

grounds marine barriers would be expected to affect adversely dispersal of

amphibians to a greater extent than that of reptiles. Therefore, on the assumption

that the primary entryway into the Philippine archipelago was from Borneo by

way of INIindanao, the amphibia might be expected to exhibit a more rapid

reduction in number of species than do the reptiles when comparisons are made

between Mindanao and the more distal islands such as Bohol, Negros, Mindoro,

and Luzon if dispersal did take place wholly or in part across such barriers along

these eastern routes. This should become even more evident if, as well as the

nonnative, the presumably older endemic relict elements, those which exhibit the

typical relict pattern of chance pockets of isolated species and or secondary

radiation centers on distal islands, were also excluded.

To evaluate this, we propose a simple proportional-diversity index. This

makes possible an objective comparison of changes in diversity for amphibia

relative to changes in diversity for the reptiles. The index is calculated as the

ratio of the number of species in the particular taxon (frogs, lizards, etc.) to

the number of species in the total herpetofauna.

This index for frogs is indeed lower for Luzon, Negros, and INIindoro, at the

distal end, than for Mindanao or Bohol at the proximal end of the dispersal

routes. The amphibian index for Bohol is noteworthy in that it is slightly

higher than that for Mindanao. This may be, at least in part, a distortion due

to a disproportionately poorly known snake fauna (see p. 119).

Since indices for reptiles (both lizards and snakes) tend to increase as the

index for amphibians decreases, it is interesting to note that the index for lizards

exhibits a greater increase than that for snakes in all instances, except for Luzon

Island, when the distal islands are compared with Mindanao at the entryway.

For some reason, snakes appear to have been relatively more successful in their

dispersal to Luzon, or have suffered fewer extinctions there.

Weinterpret these changes in the proportional diversity indices as supporting

the conclusion that much of the herpetofauna of the Philippines, with the ex-

ception of that of Palawan, has been the result of waif dispersal across marine
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Table 10. Proportional diversity indices for caecilians, frogs, lizards, and snakes for

selected proximal, intermediate, and distal islands for the total herpetofauna, the fauna with

the presumed nonnative species excluded {in parentheses), and with both the nonnative and

that element classified as relict included [in brackets].
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Table U. Calculated distance index for Philippine islands included in this study in rela-

tion to Borneo.

Weighted number Approximate over-water Weighted
of effective distance by present distance

Route tnarine barriers probable routes (in km.) index

Borneo—Palawan (1) ISO ISO

Borneo —Sulus —Mindanao (1) 345 345

Borneo—Mindanao—Leyte (2) 395 790

Borneo —Mindanao—Leyte —Bohol (3) 420 1260

Borneo —Mindanao —Leyte —Cebu

—Negros (4-5=41/2) 505 2272.5

Borneo —Mindanao —Leyte —Samar

—Luzon (4) 440 1760

Borneo —Mindanao —Leyte —Samar

—Luzon —Mindoro (5) 455 2275

to a sampling bias. The high diversity of lizards and amphibians may possibly

be the result of the very narrow water gap between Leyte and Bohol.

Distance. Any attempt to measure over-water dispersal distances in this

compact, nonlinear archipelago is difficult. If the effective distance is measured

as the airline distance from Borneo to the various islands, Leyte is almost as

distant as Luzon, and Bohol almost as distant as Mindoro (fig. lb). If the

effective distance is measured as the sum of the breadth of over-water distances

between islands, by ways of eastern migration routes for all islands except

Palawan, assuming that the islands themselves provide stepping stones of

ecologically relatively uniform space, the effective over-water distance between

Mindanao and Luzon, the northernmost island, is 75 kilometers as compared to

55 to 90 kilometers as the effective over-water distance between Mindanao and

Bohol for example. In an attempt to minimize these sources of error we have

derived a weighted index by multiplying the sum of the approximate over-water

distances times a value for number of marine barriers (table 11).

When this distance index is plotted against number of species (fig. 7), the

shape of the curves are again, with slope opposite to that of the area curves, in

keeping with that expected for amphibians and the herpetofauna as a whole,

and the curves for large and small islands are nearly parallel. The diversities

for snakes on Mindanao and Luzon and for lizards on Palawan also impose

effects on the slopes of the curves which are comparable to the effects on the

area curves. Bohol and Leyte also exhibit a very low diversity for snakes

relative to the curve for other islands in the same general size-category. The

general agreement between these curves and those based on area suggests that

such a weighted distance index may be useful in the island faunas in similar

compact archipelagos.
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SUMMARYAND CONCLUSIONS

The existence of relict patterns and secondar}' radiation centers, the relative

importance of possible internal migration routes from alternative entryways,

the evidence for over-water dispersal of the "migrant" element, and the effects

of island area and distance are considered for the herpetofauna of the Philippines,

a compact, fringing archipelago. Evaluations are based primarily on diversities

and relationships of the herpetofaunas of 7 of the islands, which have a total of

220 species (54 amphibians, 92 hzards, and 74 snakes). Only in the evaluation

of relict distributions is the known herpetofauna of the total archipelago taken

into consideration.

The distributional patterns within the Philippines of the endemic, multi-

species genera of lizards, Luperosaurus and Brachymeles, as well as the amphibian

genus Platymantis, exhibit relict patterns of the type resulting from partial ex-

tinction of an old fauna, which has existed as a number of isolated units.

Brachymeles and Platymantis also give evidence of secondary radiation centers

in distal islands. Patterns for the endemic genus of lizards Pseudogekko and

snake genera Cyclocorus, Hologcrrhum, and Oxyrhabdium are simpler relict

patterns with only 1 or 2 species in each genus. These are rather widely distrib-

uted, or, in some instances, limited to either the distal or proximal islands.

These patterns are those postulated by Darlington (1957) as patterns which

would develop within a chain of islands.

Sorenson's index of similarity is used to evaluate the relative effectiveness

of dispersal routes. These indices, particularly when the nonnative fauna is

excluded, indicate that the primary dispersal route or routes within the archi-

pelago have been the eastern routes, by way of the Mindanao-Leyte —or possibly,

in some instances the Mindanao-Bohol —pathways. The Palawan entryway has

contributed very little to the herpetofauna of the rest of the Philippines. High

indices of similarity between Negros and Mindoro suggest a relatively active

migration route between these two islands.

A proportional-diversity index, based on the presumed lower ability of am-

phibians to disperse across marine barriers, is used to evaluate the probable

effect of marine barriers. The evidence indicates that, with the exception of

Palawan Island, much of the herpetofauna has apparently reached the inter-

mediate and distal islands of the archipelago from Mindanao as a result of waif

dispersal across marine barriers.

When number of species for the total herpetofauna, and for the amphibians,

lizards, and snakes independently, are plotted against area or against a weighted

distance value the curves for amphibia and the total herpetofauna exhibit

patterns consistent with those projected from MacArthur's and Wilson's thesis

(1967) regarding faunal diversity along a chain of islands of varying size. The

data indicate, however, that the diversity of the lizard fauna on Palawan island
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is lower than expected, and that the diversity of the snake fauna is probably

somewhat lower for Mindanao and higher for Luzon island relative to the

diversity exhibited by the fauna of other islands in the study. The effects of

the narrow marine barriers on the present distribution of the amphibian fauna

have produced a pattern of island diversities in general agreement with the

MacArthur-Wilson hypothesis. The diversities of lizards and snakes for the

sample group of islands included in this study exhibit several discrepancies. The

relatively narrow over-water barriers between the islands of this compact archi-

pelago, less effectual against reptiles than amphibians, and the several possible

migration routes and secondary centers of radiation may be factors in the

distribution patterns of these faunal elements. The reasons, however, for the

low diversity of lizards of Palawan and for the effectiveness of the barrier be-

tween Palawan and Mindoro, a marine channel only about 150 km. in breadth

at the present time and broken by small islands, are not readily explained from

data.
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